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• P R E F A C E

This report is one of a series of similar reports which document

the synopti c scale meteorolog ica l conditions over the continental United

States for a specifi ed peri od . During each peri od , one or more fl ights

were conducted by research aircraft in support of the Large Scale Cloud
Systems Program. Each fli ght consists of several l egs .

An overall synoptic summary for the entire period is provided at

the beginning of each report. Fol lowing the summary are sections covering

the individual flights . Each secti on contains the following for a given

flight:

• aircraft track for each leg of the flight

• narrative summary of the local weather conditions

• surface analyses and nephanalyses at standard
six-hourly synoptic times

7 • upper air analyses at the 850 , 700 , 500 and
300 mb levels at standard twelve-hourly synoptic
times . (The 200 mb level is included for those

• series during which research fl i ghts were
— conducted above 300 mbs .)

• 500 mb vertical motion and vorticity patterns at
standard twelve-hourly synoptic times

• local area surface analyses at standard three-
• hourly intervals bracketing the period of each

fli ght

• vertical cross-sections along the flight path
for each leg of a flight.

For clar i ty, no more than two sets of isolines are shown on the upper air
• charts . All heights are given in geopotential meters above mean sea level

(MSL) unless desi gnated otherwise.
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The legends for the various charts are given as follows :

CHART LEGEND

Surface Analysis — Pressure (millibars ) - only the last 2
digits are given

Flight Area (applies to all charts)

rronts , Hi ghs , Lows , Troughs , etc. are
depicted according to standard conventions.

Nephanalysis C Covered (80-100% cloud cover)

MCO Mostly Covered (50-80% cloud cover)

MOP Mostly Open (20-50% cloud cover)

0 Open (0-20% cloud cover)

~~~~~~~~~~~~ Boundar y del i nea ti ng Covered areas

~~~~~~~ Boundary delineating Mostly Covered areas

~~~~~~~ Boun dary del inea ti ng Mos tly Open areas

Cb Cumu lonimbus

Ci Cirriform

Cu Cumulofo rm

St Strati form

Sc Stra tocumu l us

In the above boundaries , the “bumps ”
poi n t toward areas of lower cloud
amounts . Surface H i ghs , Lows , Fron ts,
etc., are also depicted on this chart
according to standard conventions .

Upper Air Analysis Heights (tens of meters) - only 3 digits
are gi ven .

Iso tachs (me ters/second )

MAX Iso tac h Max imum

MIN Isotach Min imum

2
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CHART LEGEND

Upper Air Analysis ( cont ’d)
Temperature (degrees Celsi us )

Dew Point Depression (degrees Celsiu s)

M Area of relatively moist air

O Area of relati vely dry air

Vertical Velocity (microbars /second)

+ Upward motion

— Downward motion

Vorticity (iO~~ per second)

Loca l Surface Analysis
Pressure (mi llibars ) - only last 2
digits given

Flight Area

Preci pi tati on Area

Vertical Cross-Secti on
Half barb = 2.5 meters/second

1 Full barb = 5.0 meters/second

L_ .. Flag = 25 meters/second

Temperature (degrees Celsius)

——— — Dew Po int Depress ion (degrees Celsi us)

# r ~~ Cloud depiction ( tops )

~~~~~~~~~~~~~~~~~~~ 
Cloud depiction (bottoms )

Terrain

— L E C  i —  Flight oath - leg number (distance
(124 km) in kilometers )
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1. SYNOPTIC SUMMARY 23-27 MARCH 1978

1.1 Upper Circulation. The period (from 1200Z 23 March through

00001 27 March 1978) begins with a ridge over the northwestern section

of the Uni ted States. A trough is located south of this ridge along

the southern tier of the western states. The flow from the Pac ifi c

splits and passes north of the ridqe and south of the trough , then

joining and becoming generally zonal in the eastern half of the country .

A jet stream ex tends from Man itoba , Canada to the Northern Great Lakes

region and into the New England States. A weaker jet stream extends

from northern Mexico across Texas and through northern Florida .

Moisture from the Pacific extends from central California , Oregon an d

Washington i nto the central Rockies . Moist air also exists from the

Ohio Valley into the northeastern Atlantic states.

As time progresses , the ridge over the northern Rockies
weakens , the troug h over the sou thern Roc ki es deepens and moves
eas twar d , developing i nto a closed low at all levels of the troposphere,

and a ridge begins to build along the West Coast.

By the end of the period , the western states are domi nated

by a strong ridge, th~ eastern states are under the i nfl uence of a

deep troug h , and ~ branch of the northern jet stream extends sc Ath-

eastward and through this deep trough .

1.2 Surface Pattern . At the beginning of the period the followi ng

synoptic situation exists : A low is located over northern New York
State wi th a frontal system trailing toward the southwest into another
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low located over Oklahoma . A ridge extends into the north-central

11 ’ section of the United States from Canada . A high i s situa ted over

the south Atlanti c states. In the west , a cold front lies along

the Paci fic coast. Skies are generally overcast along the frontal

zones and around the lows . Mostly clear skies exist over the ridges

except in the southerly flow on the back side of the highs. A wi de

area of precipitation extends north of the low over Oklahoma .

Duri ng the fi rst half of the peri od , the followi ng synoptic

events occur: The low over New York moves into the North Atlantic

wi th its associated frontal system extending westward over Vi rginia

and into the low which has moved from Oklahoma to southern Illinois.

The area of precipita tion associated wi th this latter low spreads

throughout the Ohio Valley region , wi th freezing rain occurring over

much of Illinois , western Pennsylvania and West Virginia. The ridge

near the central Canadian border progresses eastward over the Great

Lakes region. The Pacifi c coast cold front, wi th a high behind it ,

moves into the Plains area where the front becomes quasi-stationary

and gradually dissipates .

By the end of the period , the m~tjor features which domi nate

the synoptic pattern are as follows : - The eastern thi rd of t’E country

is dominated by a complex low and its associated frontal system,

wi th widespread precipitation throughout the north-central Atlantic

states and the mid-West. The western two-thirds of the nati on is

under the influence of a broad but relatively flat ridge.
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1.3 Storm Tracks. During the period two storm tracks are

seen. One passes along the Canadian border eastward through New
-! England and the other track extends from the Oklahoma panhandle

eastward toward the central Atlant ic states.
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2. FLIGHT 1 23 MARCH 1978

2.1 Ai rcraft Tracks. The fli ght tracks of the research aircra ft

are given below in Table 1. The firs t three legs of the fl i ght are

over Texas. Leg 1 extends from 74 km east of Dalhart to Daihart , leg

2 is from Daihart to Amarillo , and leg 3 terminates 68 km northeast

of Amarillo , near Borger , Texas . The terrain varies between 1080

and 1220 meters. The next four legs of the flight are flown back and

forth between Oswego, Kansas and Okmulgee , Oklahoma . The terrain is

between 210 and 305 meters in height.

TABLE 1. AIRCRAFT TRACKS - 23 MARCH 1978

TI M E(Z) ALTIT UDE POSITIO N DI STANCE
LEG START STOP ft (m) BE G IN END ~fm (kni)

1 2039 2050 23,700 (7224) 40 nm E DHT1 DHT 40 (74)

2 2058 2114 18,300 (5578) 35°54’N AMA2 52 (90)
102°22’W

3 2130 2142 9,800 (2987) 10 mm N AMA 35°43’N 32 (59)
1Ol°14’W

4 2240 2302 23,600 (7193) OSWEGO ,K53 OKM ULGEE ,0K4 95 (176)

5 2309 2333 18,300 (5578) OKMULGEE OSWEGO 95 (176)

6 2343 0005 10 ,000 (3048) OSWEGO OKM’JLGEE 95 (176)

7 0019 0040 4,800 (1463) OKMULGEE OSWEGO 95 (176) I
~DHT=Dalhart , TX (36°05’N 102°33’W)
2AMA=A marillo , TX (35°17’N lOl°38’W)
3OSWEGO ,KS (37°09’N 95°l2’W)
4OKMULGE E ,OK (35°40’N 95°57’W)

2.2 Local Synoptic Sunwnary. At the surface a low over central

Oklahoma and Its associated frontal system affects the flight areas
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(Figure 1). The fl i ght area remains under the infl uence of a broad

ri trough which gradually develops into a closed circulation during

the flight period (Figures 2 through 4). Overcast conditions , con-

t. sisting of cumuloform clouds and stratiform layers , prevail over

the fl ight areas throughout the entire day of the fl ight (Fi gures 5

through 8).

The 850 mi llibar (mb) level shows a closed low moving east-

ward and lying just south of the fl i ght areas during the flight period

(Figures 9 and 11). This low is reflected through 300 nib sloping

to the west with hei ght. Cold air moves in behind the low wi th wi de-

spread moisture over the fl i ght region (Figures 10 and 12).

At 700 mb , a broad trough reflecting the 850 mb level low

moves into the flight area from the west and deepens. An area of

20 meters per second (msec~1) winds moves to a position south of the

fli ght regions from the southwest. Colder moist air accompanies

the trough (Figures 13 through 16).

The trough at 500 nib also deepens at it moves into the

fl i ght area. Wi nds increase from 20 msec 1 to 30 msec~
’1 just south

of Oklahoma near the flight tracks. Temperatures decrease and

relative humidity increases with the approach of the trough over

the area of interest (Figures 17 through 21). The 500 mb l evel shows

an area of upward vertical motion passinq eastward through the flig ht

region. Positive vorticity is advected Into the flight area (Figures

21 and 22).
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At 300 mb the trough lies along the Ari zona-New Mexico

border wi th a 45 msec~ isotach maximum along the Mexican boundary

(Figure 23). The coldest air is centered along the trough (Figure

24). The trough deepens and moves eastward over the Texas panhandle

with little change in temperature (Figures 25 and 26).

The local surface charts (Figures 27 through 29) show the

f1i~ht areas under the influence of a low pressure system and its

associated frontal zone. Overcast clouds prevail over the entire

area wi th a broad band of precipitation extending along the north

of the frontal zone. Widespread thunderstorm and shower activity

is reported.

For the fi rst three legs of the fl i ght , the wind cross-

section (Figure 30) indicates the trough at the l evels above 700 nibs

is near the flight tracks , but lies to the east of the flight tracks

at the lower levels. Clouds are layered from about 180 meters above

the terrain to 5.8 km (Figure 31). Imbedded cumuloform clouds (not

shown) could extend the moist l ayer to above 7.5 km. The fi rst

freezing l evel is at 1200 meters wi th a warm layer (above 0°C)

between 1400 and 3000 meters. The last four legs of the fli ght are

flown east of the trough-line . Temperatures are generally 5°C warme r j

wi th a deeper l ayer of moisture up to 7.8 km as compared to the

previous three legs (Figures 32 through 35).

A simple tropopause is located at 9.9 km wi th temperatures

near -55°C at the beginnin g of leg 1 of the fl i ght. The tropopause
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lowers to 9.7 km wi th slight warming to -54°C by the end of leg 3.

Over the next segments of the flight , the tropopause is at 11.5 km

wi th a temperature of -60°C over the southwest end of the flight

tracks and raises to 11 .7 km wi th a temperature of -62°C at the

northeast end of the tracks. Little change occurs in these values

duri ng the flight period .
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3. FLIGHT 2 24 MARCH 1978

F 3.1 Aircraft Tracks. The fl i ght tracks of the research air-

craft are given below in Table 2. These tracks are loca ted over

-i 
- western Illinois and southeastern Iowa in the vicinity of Burl i ngton,

Iowa . The terrain height averages 230 meters .

TABLE 2. AIRCRAFT TRACKS - 24 MARCH 1978

TIME ( Z) ALTIT UDE POSIT I ON DI STA NCE
LEG START STOP ft (mJ BEGIN — 

END nm (kin )

1 1943 2007 23,100 (7041) 41°10’N 40°501N 106 (196)
89°40’W 92°0O’W

2 2015 2046 18,300 (5578) 40°54’N 4l°101N 98 (181)
91°57’W 89°43’W

3 2057 2125 9,600 (2926) 41°071N 4O°50’N 88 (163)
90°10’W 92°05’W

4 2136 2200 4,700 (1433) 40°56’N 41°O1’N 46 (85)
91°481W 90°48’W

3.2 Local Synoptic Sumary. At the surface , the fl i ght area

is under the i nfluence of easterly flow north of a low which moves

from northern Arkansas to southern Missouri during the day of the

fli ght (Figures 36 through 38). Skies are overcast throughout the

fli ght period over the flight area (Figures 39 through 41).

The surface low extends through the 300 mb level slopi ng

to the west toward the colder air aloft . At 850 mb the circulation

around the low extends over the fl i ght area , with maximum winds of

15 msec’~ just south of the fl ight tracks whi ch increase to 20 msec~
F as the low moves northeastward (Figures 41 and 43). Colder air occurs
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west of the low with a broad region of moisture surrounding the

r low at 850 mb (Figure 42). Temperatures increase slightly as the

area of moisture moves over the fli ght region (Figure 43).

t.. ‘ 

The 700 mb level low southwest of the flight area

intensifies as it moves slowly eastwa rd . An isotach maximum south

of the low increases in magnit ude from 20 to 25 msec 1 (Figures 46

and 48). The temperature and high moisture level change little

at 700 mb over the fl i ght area (Figures 47 and 49).

At 500 mb the low southwest of the fl i ght area moves

slowly eastward and deepens . Winds over the fl ight zone remain

near 10 msec 1 throughout the day of the fl i ght (Fi gures 50 and 52).

An area of moist air associated wi th the low at 500 mb extends over

the flight area while the temperatures decrease slightly (Figures

51 and 53). An area of upward moving air centered south of and

extending over the flight region moves eastward. Positi ve vorticity

associated with the low is advected toward the fli ght area (Figures

54 and 55).

At the 300 mb level the trough lies to the southwest of

the flight area and moves eastward . Winds diminish over the flight

area at this level wi th the approaching trough (Figures 56 and 53).

Temperatures remain constant throughout the flight period within

the flight area (Figures 57 and 59). 
-

The loca l surface charts (Figures 60 through 62) show

the low and its frontal system located south of the flight area

57

~~~~~~~ 
— 

F’~~~ 
F

F - F

11p ~~~~~~~~~~~~ 
.
~~ 

— 
~~~~~~~~~~~~~~~~~~~~~ 5-. -.



and moving eastward . Easterly flow prevails over the flight region .
I

I A wide h~ n~i of precipitation extends north of the low and over the

fl i ght area duri ng the period of the flight. Frozen precipitati on
F occurs over the flight zone throughout the period of the fli ght.

The vertical cross —sections (Figures 63 through 66) show

the wi nds to be easterly at low levels veering wi th altitude and

generally decreasing through 600 mb and then increasing slightly

through 300 mb . The surface temperature is below freezing and

decreases slowly wi th height to 700 mb where the lapse rate becomes

closer to standard. A deep moist l ayer exists from near the surface

to 8 km. The cloud bases average 300 meters above the ground level .

At the beginning of the flight a simple tropopause exists
F 

over the flight area at 10.9 km and gradually decreases to 10.7 km

duri ng the fl ight period . Temperatures at the tropopause increase

from -59°C at the start of the fli ght to -57°C by the end of the

period .
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4.  FL IGHT 3 25 MARCH 1978

4.] Ai rcraft Tracks. The fliqht tracks of the research air-

craft are given below in Table 3. These tracks lie wi thin the area— _
H

L bounded by Bradford , Pennsylvania , Jefferson , Ohio , and Youngstown ,

Ohio. The terrain height varies between 300 and 440 meters .

TABLE 3. AIRCRAFT TRACKS - 25 MARCH 1978

TIME(Z) ALTITUDE POSITION DISTANCE
LEG START STOP ft (m) BEGIN - END nm (km)

1 1800 1821 23,600 (7193) 41°30’N BFD’ 77 (143)
80°15’W

2 1827 1847 18,300 (5578) 41°46’N JFN2 80 (148)
78°58’W

3 1857 1923 9,600 (2926) 41°48’N 41°44’N 77 (143)
80°35’W 78°48’W

4 1931 2000 4,700 (1433) 41°44’N 41°43’N 83 (154)
78°43’W 80°33’W

1BFD=Bradford ,PPh (41o 47~~~ 7s° 37 ’w)
2JFN=Jefferson ,OH (41046 ‘N 8O°45 ‘W)

4.2 Local Synoptic Sumary. The surface pressure pattern shows

a low over southern Il li noi s bringi ng eas terly flow over the fl ight

area (Figures 67 and 68). The frontal system associated wi th this

low has occl uded . As the low moves slowly northward the area affected

by the low becomes more extensive wi th a complex low pressure system

developing duri ng the latter half of the day (Figures 69 and 70).

Overcast clouds occur over a wi despread area around the surface low

pressure system throughout the day of the flight (Figures 71 through

74). Statiform layers and cumulofo rm clouds prevail throughout the
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fl i ght area.

The surface low extends aloft through all levels. At

850 mb the low is quite extensive . It is initially located over

southern Missouri and moves northeastward into southern Illin ois

and deepens (Figures 75 and 77). A broad area of warm moist air

associated wi th the low extends over the flight area duri ng the

day of the flight (Figures 76 and 78).

The 700 mb level reflects the large area influenced by

this low. The flight area is affected by moist southerly flow

ahead of the low wi th an isotach maximum of 20-25 msec~ heading

toward the flight area during the day of the flight (Figures 79

through 82).

At 500 mb the low lies about 2° longitude west of its

loca tion at the lower levels. An area of 30 msec~ wi nds is

positioned south of the low center (Figure 83). Warm moist air

extends north and east of this low (Figure 84). During the day

the low deepens slightly (Figure 85) while the temperature and

moisture diminish by the end of the day (Figure 86). An area

of upward moving air encompasses the fl i ght region throughout the

day of the fl i ght. A zone of positi ve vorticity moves toward the

fl i ght area at 500 mb (Figures 87 and 88).

At 300 mb the low moves from southern Missouri to south-

ern Ill inoi s and deepens . An area of 35 msec~ winds lies south

of the low center (Figure 89 and 91). There is little change in
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temperature over the fl i ght area (Figures 90 and 92).

The local surface pressure charts show the fli ght area

under the influence of southeasterly flow during the period of the

fli ght. A wi despread area of precipitation extends from the low

center and frontal occlusion northeastward over the flight tracks.

Surface reports indicate rain , freezing rain , snow, and

snow pellets in the vicinity of the flight tracks where the surface

temperatures hover just below freezing (Figures 93 and 94).

The vertical cross-sections show the wi nds from the

southeast near the surface veeri ng through southerly and south-

westerly wi th alti tude. There is a layer of slightly above freezing

temperatures between 800 and 900 mb. Moist air extends from near

the surface to 7.6 km, diminishing in verti cal extent as the fl i ght

period progresses (Figures 95 through 98). The cloud bases are

between 200 and 300 meters above the terrain.

A simple tropopause wi th temperatures near -63°C is

located at 11.0 km over the flight tracks . Little change occurs

during the period of the fl i ght.

-

. ¶
~ -

94
~1

?1~

~~~~~~~~~~~~~ ...J — 

“

~~ ~~ ~~~~~~



~L~A1
2 ~~~~~

( 
~ 

°

~~~~ ~~~~ \ Cl
7/~c ~~ ~~ \~ s~ç~~ I ~~-2’° IT \\~

~~~~~~~~~~~~~~ \ \ 7~~/~~ V Yl
• •—~1~~~ ~~~~~ \ (  ‘..ir J \ I ( i r ~-~,.—.~’4’• ~..a I

U ~~ ~
‘ \J\ /’~V~XYt7 ~[J

00
r

-J

k~~
)

~0

I__ _ ~~96 

_
~%h. 

_ _ _ _ _ _ _ _



H ~~~~~~~~~~~~~~~~~~~ 
0
0
4

~~7~

X
~~~~~~2q~ \~~~~ \

1~ ~~~~~~ ~~~~
7o J

~~~~~ ~V JJ
‘ •-, I~~ ~ r.’I I. U I

~~~~ ~. 1  \ Li J\ IA 7~~~ ~~~• t . (
~~\ ~~~~~~~~~~~

~~~~~~ 
~4~fJ~~ 4~

1~~
• — U

U

/ -
.~

°0
‘.0

I
.
~~~

,

U,
U,
1aJ C~~

0

6 o

2’ P
95

~~ - •~~~~~~~~ —.-—~~--~~— •  - 

• ~~~~~~~~~~~~~~~~ •

• ~~~~~~~~~~~~~~~~ 
. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



• 
•

~~

~ 
t1$

~~71~fl~~~~~L~~~~~~~~~~~~~ (g4T
~\L~-VT\ \~-~~~~~~ b~*~~

~~ ~ I ~ S~L \ (‘~~~~~~~~~~~~~~~~~~ ~ r~
—

~
- 

~ V.

,(\14k~~k~~ ~\ J \  \ )

A~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ i i ,‘ / / C,, 
_
-

~~~~ ~~~~ \ ~‘— ‘ ~‘ ‘ -L —Jr) Q_ I—.-

~ZI~ 1 ~
• 97

- .— - - - ---- .-—-—-—•— —--——--.•—-- -- — -S — —fl__•~S~~~~ ..~~~. - • ••- . — .  •

- -a - -- - - - • • - _________- —

‘4% -
~~

- •



‘

~~~~~ ~iC~
’
~ - ~~

1/ ~~~~~~~~~ 
° J \\~~

~ I -h-- • 
.- 1’ ~—~1~YA~~’\  % \X ~p

./

_

~ 
~~~~~~~~~~~~~

• 
.•

I
/o .1

-‘ 
— 

..•

~~~~

o ~~~~~~~~~~~~~~~~~~~ -f

-

(I)
I-. - q.c V)

— L~ J

C

— — Ui
(—)

(C L~5,o
- 

(I,

— 
~
••~ 

N.

I 
(
~ J a)

4

o

.0 .~e —

-k 
__

\____ (1

- —_
~v~ I

[
.1

1

~~~ 
1~~~ ~~~~~~~~~~~~~~~~~~

p -

~~~

- •
-k-•

~~ /
98



r)~ 2,___ • 

. -~

~~~~~~~~ 
( ~ 2

•‘\ 1% •% 
~~~~~~~~~ I \ J  ...L ’ ~~-S.— ~~~‘.—‘~~~ 

-
~~ ii. f ~\ I ~~~~~~~~~~~~~~~~~~ X

‘( ‘-~~~• \ -  
~\ \ ~~~\ I~~~r~” 
(~~~T/

~~~~~~ \ . . \~~ ~ \~ ~\. 110 .3’\ ~
~~~\t ~~~~~~~~~~ ) 1 -~9\Y L) jT0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ / I P ~ ~~\j N~~ ~~~~ J’ (

I 

~
---

~~~~~~~~~~~~~ 

-

\~~~Q 

-

~~ ° 
~~~~ ~~~~

~~

0 1

- __ U, U,

- 7- -. 
~~~~ 

‘
~
- 

~~~
____J-

1-

t .. -•--
—•- 

>— 
I—i —z

• ~_# — 

_ 
~~.J

.z 
~~~~ ~~

- 

_
-- I -

I-J >- = ~~- -
= 

__j —I

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• 
- = c~) 0

6 ~~~~~~~~~~~~~~ /
4:’ 

/.•- • / _
•_ / 7

QQ

-



- 
• —

u — .

. a, ? -
~~~ 

-

A  

- 

~~~~~~~~~~~~~~~~~~~~~~ 

-

I/s .
z~~ci~~ ~~~~~~~~~~~~~~ ~~~~~‘(~~‘1 \ i)  

~~~

% 
\
\\

\ -- ~~~ 
(/ ~J ~

~~
‘
~\

\ ~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— -- - —

\~ p~ \~ ~~ 
\
\~~ t~~~-~~~~~~~~~~~~~~~~\~~~~7 

~~~~~~~~~ T

~~~~~~~~~~~~ \ c~
’) ç1)

~ J ~~~~~~—~~( /
~~~~~~~

-
~~L~~~~~~~~~~~~~~~~~H (

~ ç ~ ~ ~~~~~~~~~~~~ 

~\ \ 
--

~~~~~~~~~~~ JQ ( 
A
” 

U, ~~~~~~~

o ..~ ~~~-m~ 
~~~~~ ~~

- ~~—
--

~( r’If ~~~-

~~~~~~ / - • 

‘~~ \ 
~~~~~~ThU 0 1 i ~~~~~~~~~~~~~

_0 
~ —~----4---±-H 

I

I • -
~

- --- L~~9~~~\ I
I C,)

I I ~~~~~~~~~~~ 
— —-———— —•

~~ =
— - -I — 

_
0 ~~~~~~~ i — -

~~ = = =

I I0 / ~~ ~z-J I .
~~/ — =

0 — - ~ 
C.) C.) C.) &) C,)

.— — •-~~~~ —~~~ 
. — ..—-

~ 1 C..) C..) C.) C,) C~~)

.z~
/ 

- ___ ‘—a ____ 
C.) 

C~

C., - -
~~ f ~~ 

— =
C..) —V /- _ ~~~‘-a = ~~I U, C/) 0..

-‘ _ ~~ C..) ~~ ~~
0 / C.) C.

p.. ~~~~

6 - 

- / /

‘ 

6 •-

1
k: ’ 

-
, /

100



a, ~

~~~~~~ ~~~~~~ \ ~~~~~ \

‘~~~J \~ °~k \~ X \\
‘ 

~~~~~~~~~~T 
~>- --~--~ -

--
‘~~~~~~~~~~~~~

- - . . 
c.. c..~ c..~ 

C,~
—

- - - 
U, U,

C.) ~~~~~~ -~~~~ -‘
-~ I

— ‘—~~~

=

~— .1 / - - - 
I

I _ _ _ _C.) C.) - - - _

/ )
p.~~

/ 

1. / 
~~~~

——

~~~~~~~~ 
) 

~ 
-

i ~~~~~~~~~~ 

/

/  )
~ ~~/  f

101



0~~~~~~~~ -V~~ 

~~ ~~t’~ \ \~\_ ~-~~ck~ C., C

b ‘~ L$ ~fA I 0 I U,
~~~. 1 I I U,

I L ~ I Y 2 .~~~~~ I L. =

~~ T~~ -~~~~~~~~~ 11 ‘F L~~ ~~~~~~~~~~ -*-----. -.... I
~~~~~~ I ‘

~~ ~~~~~~~~~ ~~~‘J?I I ~~~~—1,.c-I ‘
~~~~ ~~~~~~~~ i2—~ t I I _

— I I ~ ~~~~ L. I I

~~~ I \ ~~~~~~ ~~~~~~~~~~ ~~~~~~ 
‘ I • I _••~~~~~

j  
~~~~ I •

~~)  I -—

0 I = — = — I—

~~~~~~~~~~~~~~~~~ / ,i; ~~ 1 4i 1 1 7 X ~~~
‘/ 4~~~ - 

_

.L I~~~~% 1 1 I % ‘~~ .V I J’ ~~~~~~~~~~~~~~~~~ ~ I ~~~~ / ‘_1~~~~~- ~~~~~~ I —~~~~~
‘ 

~~~~~~~~ ~~~~~~~ I I ~ 1—. C i  ~~~~~~~~~~~ 1 .L... ~~~~~~~~~~ ~~
- 

~~~~
•~~:i ~~~~~~~ I I J ~~ I ~~~~~~~~~ 

•%_ 
~—~~

.•-—-- I ‘.&.a ~~~~ >- ~~~~ >_
-~ 00 -a 00

102

~ ~~~~~~~~~~~~~~~~ I - ~~~~~~~~~
• 

- —- —..~/ 
- •.

~
,,. 

- - 
•~ 

.. - 1  ~~ &— ~~~~~~~~~~~~~~ 
IT .- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • .

~~~~~~ ~~~~~~~~~~~~~ — —s ~ ~
‘
~‘ — ~~~~~~~~~~~~~~ 

.‘
~~~ — -~



This page i ntentionally

left blank.

103

~ ~~~~~~~~~~~~~~~~~~~ ~~~ ‘~~ r’~ ~~~~ ~~~~~~~~~~~~~~ • •• • .

_ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - _ _ _



a’
) 0~~~

• 
I -

~c ~~~ 
/ ~0

\ .

/ /

p
0 3 

1 ,~~~

‘ ~~~~‘ ~~~~
.— 1~ 

N.

‘.4 t -.—-. I .
‘-

-0
0 ~ç

~ 
— 1

/ q~r
4,~,

0 /
•4II~~ C.)

0
I -‘ — /1~ 

I-

0 — ~~~ \ _ —
0—o \ ~~~~~~~~~~~~~~~~

I-.

~ti,,0 U

.0
E

o - C

—2 —~ 
_

~~~~~%

/ ,

—

-It •:~-
‘
~

• 104

I _____________________________________________ 
___________  

________________
-  

- - - - -
—A - -

, 

-- - —~~~~~--- .—‘•--- I ~ —



o~~~

~ ]~~ X ’~ ~~ ~. -¼- ~~- 
1 .  

~L V7\ V”~ \~~.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 3 ° / \

~~~~~~~~ 
‘t ~! ~~ I \ “~~~~~~~~~ i~~~~~~c

-
~’‘ ~\_ ~ L~~ ‘~&‘~~~ I \ A~~~~I ,~~~~’ P 9.

~~~c ~~~~~1~~~~~~ 4 ~~~~~~~~~~ 10
0 ~~~ ~i-~~-J L\\ V \. I) 1

tr~yczw

I I I I)~~..S./ ~\~\\o~4
~~~ g i 1

~~~—’~~L.—4--r’ ~‘~~~! Y%l~ ~~ —r( ’~ i ‘-.....
~~~~~~~ ~~~

- ) 7~~\ ~ \ t—T/Z/J” ~~ \ ~~

~ \ 1~ ~—iL~~~~’7 A’ \~U U ~~~~ I ~~~~ N L~~ U C/)
L.r I .~~~~

o (
~~~~~~~ 4l <çJ;~~ At( ~~~~~~ 

J_.~;;~_c)
o ‘~~~L ~~~~-4 . ..’ ‘4 ...~ ~ 

p 
~‘i ,~,O~~~~~~~I I I 

~~~~~~~~

~. 0’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1 V U
I ~~~ ~~~- —, + 

U

-~~ — 0..

o 
. 

•

0 ~‘o

14;

II
’
,’

~ 1i$ i.4

1 !
• 

-
~~ 105

- 
.1:1 _______________ 

___________________ _____

~
7[ - 

- 
~- 

--

4% 1:, ~~~~ ~~~~~~~~~ _ _ _ _ _ _ _



_
_~~~~~% 

o~~~

H 
d 

/ 0

~ o ~ ~4.. 

-
~~~
.,

/

— . 
~~~~ ‘t, II

I / 
)

V t

1

’ 

.

‘ 

~~~~ 

‘

I

~~~~~~~~~~~~~ ~u3~~° ~ :
0
0 

‘ ‘u. s.- 

a-.,

/

_ I- - —~/ •/~~

0 0

.1
106

,
-•
.

~~~ 
:.
~~I~~~. -—•-7- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .
. • !• ~~~ 

-. ~~~~~~~~~~~~~~~~~~~~ 
-—-- -

. • • -
- - •

~~~~~~~~~~ ~~~~~~~~, 
- 

~~~~~~~~~~~~~ 

~~~r
L
~~4



- NJ

hi • 8

~~~~~

—I , •

00 —
‘4. ’ / 1

0 / / I 2
I i  J

‘I / /

T~.. ~: ~
L ~~~

‘

+
C’.

U
— •  N I—

0

+ 0  .
~~

0

I %
~~~~ - La-

cDI._ 
~~

1 % ’
‘I Ig l

0 i

• 0 0
I

S • 1 107

- 
• 

,~~~~~ - . 
• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • . , - - .  ~~~~ -
~ 4• •• ••

p • .i~~.L~~~Jj I  • -

\~j~i’~~ -, - ‘I~I1~j~~~~~~~*” ~~~~~~~~~~~~~~~~~~~~~ .~~,
‘— -



_~ %~~~
&~1~~; ~ ~ PW—~ ~ ~ 

~~~~~~~~~~~~~ y \ ~~i

0 ~ 7’ (MJ~~~~?L ~ç~ç
Oh ’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~‘ ~~~~~~~~~ 
‘

0 ~~~~~ “ ~~~,-%px-’ 
“ ‘~~~~ 

~~~~~~~~~~~ 
~~~~ ~~~~~ wt ~~~d~~ ,

, 
~~

~~ ~~ ~ L I
11%

~L ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~ ~~. ‘A  I
-

~~ I ‘
~ F.~’.r—~r~ 1 .~~~~~ ~~~~~~~~~~—~~

4 -
~~ ‘ ( I  I

~~( 4 j ~~ ~~ I \  U 1~-~~~ \”~— ~~~~ i ~~ ,
,

I ~1

~ ‘N ~>~~~ A J f ~IJ ~\>~ /1 II / LI
0 ~~~~~~ \ \ ,, b( \T

~~~ ~
_—

~~~
“ / 1  i.4’~_ _

~— 4 I± ”  ‘~4’I.I S.,,_u) I I J  I~~~ I/~~~2 :~~ ‘~
_
~

-
~~~~..L._~~ 1’7 I/ A’ ’- : 1  ~~~~~~~~~~ ‘ - *--—---~~ .—~ ,~~~~I g ••.#‘ / I I F:j U

~~~~~~~~ /J
4V_j~. 

~~~~~~~~~~ a.~’~’,’ I / 1/
0 ~‘ /i.’r ,‘.~.+—‘—‘r ~~-~

-
—2÷_..~~ ”/ ~I _1’~6’ I ‘K.

- 07T 1~~ i 7. . If ~’ L ~~~~~~~~~~~~ I

0 (JL~4~~~- 1i~~z~ti~ ~~~~~~~~ ~St I L
~~~/~~ %,~~~ .4 UL~’ ~~~~ it

• I ’ ’

I ~ ~

6
4, 0

108

~5 ,,
~ 

..

~~~~~~~~~~~~

. 

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~



• 
~~~tt -~~ ~(‘

~I ~~~~~ 
,$, SI—

~J ‘
~~ ~~~‘\ \

* il ~ ~~ 
) I

‘I~~~ ‘~~— ~ I
0
I.

I ,  I .. —
I I

,
, ,

‘
_

IuIpIIU I. .’p

‘I

~~

0 •
PC.,

—1-~T~ ~C~~~ _I~ ~~ 
1111 

#1._
I . /— — — —

— auU’~~~~~~ .0
‘
~ o— E

0 0
I

0 
~~~~~~~~~~~~ 

- 

~~_#$‘~~~~~ _j •

‘
I I  

lii ~
c~~~~I 

0

j

109

• — • - ____________________________

i’4~ ~ 
-~~ ~ . .

~
. 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~



00 -
~

• 
cnIc~, ‘?‘ / 

lb 0

1 
4- ~~.— -. 0

I I ~~~~~~ 
‘4 ‘49.

‘4

‘4 
~~~ %

%%

•

% 
0 U,

0
0 V

4- ‘4
’ 

.4I ‘
Li ‘4.

i i  ~
.

I I~~~~~~1 0

Il I I C

I 
~~
. I I

“~~ ‘ a ~~i I I
,  •

0 S 0
C h

i 

~~~~I / aI _ p 
U,

I di ‘

—~~~~~~~~~I giIP ’ I
• _._

_.•
, . ,

~~~~~ — 
I I-

0 I ~~ ..~ I —~~ 0
0 • ‘4 — (/,

- — UI, .. .— /- • U,• —~ ~~~~~

.I.. •
quui. /

,  ‘4.• a, U- — g .
~~~

— —.
I ~~~~~~~~~~~

0 

~e~_f ~~
% 

/ • I
‘4 

:

1

% 

~~~ i 

• 

! I ~
•iI1 

;6 ~ 

~ i ~~~~~~~~~~ 

110 

•

4 ,  ,,,‘~~~~~~ 

~~~~~~~= -  ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~



cc ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~
NJy A( ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~1 ~~~, 8

~~~- I 1\ ‘.~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~- .—~~~~~‘(
~~~~~~~~~~~~~~ 

N.

‘I 
~D

C”) ‘\ ~

I I ‘‘~~~~~~~ii~~~~ 4.

I I 0

I /  /  1 /

/ •1 ~

o 
( .‘

1 /
_ 4—4---4—4— — 0 I.~~~ “4 /0 0 — /

—-

0

~~~~ ~~~~~~~ 

I
i 

-

~~~~~~~~~~~~

0 o

i l l

I

~~~ ~~L1~ ~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~



~Q )(~X~~

• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

~~~~~~ ,~~ /‘\ 
~ \/~ 

“4s~~~ 7~~\ ç~91 
~
j  ~~~—~~~~~~J \ X

U,

~~c~7I kIA ~~~~~~~N2~S*s~\~ ~~~~~~
- .( i\ ~~~~~~~~~)—7’~ ~~~~~~~~ ~~ j  NJ

X  ._ ..—‘( 1 1~~~LX ~~~~~~~~~~~~ ( ~~~

~~‘ J~~~~~\1 !/ ‘V Vc1c’ \\~ 1~ N.

~~~~~~ ~~~4,’~4\J ‘~
VI /1 t+r-

i It / I I / I

- o c~~~~T~~ \ ‘
~ r—4U / JV

-

- I 1 ~‘ I/ ’  1- ’YI I I I F  ‘4 L. I—
- I I .—~~~~ —-—---—— I 1% -

I —• —- -

• 

I ~~~~~~~~ _~i — 

-

“ .—p——— — —

/ - ,  •-..-—
, Li..

I I E E

‘4 I
0

• A. I I
0 I
P

112

di- ~~~I~II~ - • —~~~~~~~~~-.~-~-., --- • — --——_________________ 
-- •-- - - - -— — _______

L I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



~~~~7o % \~
~3 ~\ / 

‘~%~~~-J ~~~~~~~ 
- E

~~~~~~U Iq  

~~~ x Y ~-‘ ~~I .4 4-A 

~ ~ ç0 
~~~~ \~ ~~~~~~ VV~

r
~7 ç

‘ ‘ ~~~~~~~~~~~ ~~~~~~~~~ ‘ ~~‘\~i \\~ V ~~~ ~ \ 
\~~ J\ II \ \ ~• CO L \X *1 U 5

0~~~~~~X~~~~ 

~v~j ’~~ç~~~ \( \ ~~~~~~I a.,

T~$I~
\ \ ‘~~ n

k-a., 
~ V ~~ \4’iiT ‘V~ \ \,~~i ( i~~ç -w,

I I U,
U,

-~~~~~~~~ ‘ . 4  La.I

-‘U.,

—o • I—
- Cl, /‘4

‘4 I ~ I_a.

-S..0 ‘4
0 

• ~~iP4
% ‘4 I (

o—
‘U ‘4 .0
‘U 0 0 E

2% ,
1

0 a,
—

~~~~~ 

-
‘

F ‘ v.1 
~~ 

I L
113

- 

I~T -

~~~~~~~~ ~ : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



\
~c ~->~—--V2----~~ ~~~~~~~~~~~~~~~~ \

0 
— ~ \ \ ~~~~~~~ Q 1/)

8
I ’ cc

~~~~~~~~~~~~~~~~~~~ ~~~~~~~

‘ 

~~4~)-HVY~~J~~~1~~~~f~~J—’ ‘H/I / I ’1~�~ -r-i.
~~ -~--r~

7
~T~~\ ~~W ’i/ /  )

? ‘ L’ a’ ~v~’ I ,-~.1 1 I ‘~I ‘1r-~~~
,’/ / 1.’

~~
‘
~~~-F--l- 1H 1 I I / I / ~~~ ~ i~ r0 - ‘  I a, I a ,  1~~~~d / f (

- 1~ r 1 C
~~~ 1/, “~ ~I r r ~i •  %. I i / I_ .’~~ a, ~~~ 

..

~~~~~~~~~~~~~~~~~~~~~~~~ “‘ ~c t  ,J
~~ ’o

I •  T7~~I , I /“ ‘ I” ~~0 I~ 
- I’ I / I ‘~~~~~ , j,afy .0

0 I~ I I ’  . 4V
~~~~~~~ 1- I I / 

~~~ — ~~ -~~~ I 8

~rr- I I ‘,‘ ~~~~~~~~~ -
~~~~~ L I”

~
/ 1  ~~~~~~~~~~~~+1 P i ”f. ” I I

- I

- 6 ~ I I T

~~~~~~~~~ 
I

0 ~~~~~ 
~
( 

~~~~~~~~~~~~~ I

I I  
-:i--.~~~ 

I -
~~~

• 4 7.
5 

- — 
______ - 

114

- • ~~
-— - - - •• - •  - • • - - - — - - - - - -

~
- 

• I - • - -
I ~~ 

~~~~~~~~~ ~~~~ - _ _ _ _ _ _  
_ _ _ _



0 ~~~~

, 

~~~~~~

c•~~~~~ 

~ ~~~~~~~~~ 
\

~ ~~~~~~ I,
,—! 0At\’~ A

~~~~~~~ / ~.5
\~g ,I�~ ~~~~~~~~~~~~~~ \ ~~~~~~~~~~~~~~~ 

o~
_

~—
~~~~~~~~~~~~~ 

I tL(I i /
‘\‘)I~

” ,�’~~ ~~~~~~~~~~~~~~~~~~~~~ ~~ ~~~~
-,
--

~

—

~~~~~~~~

k I A’Vt~i . r .~, P~~~~ m \~/\\ •
~~ ! \1~IL-.i / 2~~-’L’ ~~—J ~~

~ i r~~~i
‘

I / 1%
t 0 ll ib

__ _
_

/ / 
I

0 

~~~~~~
. 

~~~ 
—
, 

~~~~ 

—-
‘

_04_4_4 4~~.I.~ , /
I 1 /

• I ‘ — —/ /
/ / ,

0 I— a a
~~~~ ~~ , ,

—
‘I,, ~~~~~~~~~ I /
‘U / /
‘U 

_ 
/  / /—2-. —

~~~ /— — .. — /

0

.
~~~~~~~~~~~~~

.4
t — — —

N’-,
~~1D0

P4.

0 014:’

116



~o ~A~
’

~~~~~~~~~~~ 4x~ .\

~~~ik~~ X\ 0~~~

) ( \ \~~~ ~~ ~~~~ ~~~~~~~~~~~~~~~~ r~~~~i’ V i i..—. ~%-~~ ~~“ ~~~~fhl~~~~~

~~~~~~ ~~~~~~~~~~~~~~ \‘~~
•
~3 

~~~~~~ 
V f  

~~~~~ 7ç~ ç
# )

~~~ \~~‘.~~~~ — 1\ I ‘I / ~~~ \ 1-  /
I-

~~~~~~~~~~Lk \ \ ~~~~~k~~f ~\- L I  I \ ‘4 ~J~~(c~~-’~fl I 11 L. ‘4.i- _4~ \ .r IA ( ~~~ 8

~ / M’4~
—

~
( I ~~~~~~~~~~~~c t  p . 1 % t  \~ I .ipr 1 t li/ I~~~&

~~ ~
‘ Z~~V / I \ \,—%~ I\

0 \— ‘r~~~~. )i I A ‘ ~ 
Ill ’. ~..J•—~1 .) I

O~ —~~~ L,’l’~~ . 4 1  I ~~~~~~ I\—( I ~~‘ I “

~ k—~
--r--

~ 
S\ / ‘JJ

J,W)
~~~ ~~~~~~~~~~~~~ L~\ \ I ~~ I I 1 ~-‘

•_~~0~~
’
~f ~ -~~ I % ( I I ,‘ /

°
~~ 

(__-‘ ~~.4:_ ~~~~~~ I 1 
~ 

r1~~ i’ ,#~~~~~~

_ I ’ ’  / I I
- ‘4 I\ r~~~~~~~1 I 1 0

-4- I ~J ’ .~~ I I l / I s... •

V La

I
0 ‘4 

8

I

115

-1rT~ 
- -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
• - - - • - 

- —



- t ~o’ 1 - ~4~~~ \ 7~~’~~~’ Y
~~~ 0ov  ~s#~ \ \ ~~~~~ ~~

,,rdi1
\~ 4~~~~~~~~1 7 Jr~c\I \~. 

\

\

)  —

~~~~~~~~ \~ ~~c \ ~r0 ~~~,  
~~~~~~~~~~ \~~~~~-~~~--~~~. 

__-
~~_\__\_ \1 ~~

~~~~~~~~~~~~~ ~~~~~ J ~~ ~~~~ -~ ~~~~~w U,— .~~ ‘4 U,
‘4 >-

- °o~—.~-—~5 C.’ NJy  8
cc

.4 N.

.4 ~~ I 91
• 

‘4 \lr I
00 ‘4 . 4 %  I I

I,,,
.4 

..IP~~~ ‘~>‘J I
/ / .‘,/ t

- - ‘I

/ ,
/  
,

/  / _~~~~~~

gIL /
/ / / ‘ aP

/ f ,’ /  -J

0 I
0 ./ ) / I

~~ a’ I I
‘U r / .00 E

— — ‘

— I— “
~~~
.....“ —~C—.

0 V a, -S..I

II , I (.i
I >—. Qi S..

“U / ~~~. in

• .4,.. ’
Li..

/

0

“-~.0 I

p.. 0 I0 I
(‘3 I

71

— 117

-
- 

- - -  - -



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

\,/\~~ \ ) 
~~~~~ A

~/ 4 \ ~~\0 / I ~~~~~~~~~ p-’..\ ~\‘
~~~ ~~~ 1~

. ‘~ \// W~\Y~~~ 
‘~I~ ~~~ ~\ (~I

0
0 0 /  

‘4 I / °o~—~‘~~~ie(i 4 /
,I, ‘4 ‘4 -J

‘ p ‘4. 1/ , ‘4 ‘4

‘I?) / ‘4

“ ‘4. 4 % ’

0 
/

4 Sn
fl/ ~~%‘U., II- 

~~~% I / .4

I /
- ~~~~ i ~~~~~~ _

d 
/  I—

- -

• a— •
~~~~~ ‘

- — — La

~~~~~ • / / di ’
_ 

.0I 

~~~~ It) .4
0 

II 1’ / t1~ .4 0—2 ..— — 
_

— _ ..—~~ ,,
‘U / /

—— ••_•
~~~~~~~ ‘4

fi
~4 \

p.. ‘.4

7L

118

- 
~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - -------——- - - - — : : ~~~~~~~~~~~~~~~~~~~~~~~~~ - - -
~~ ~~~

- 

~

- _ _ _ _  ___



_ 119 _
- -  

~~~~ 
- 

•

I~~~~ - 1~’ -

~ %I •..~1~ •.-_~ - — ~~~~~~~~~ ‘~~ &~~~~ “



• ‘ I

- 
I 

0
0
4 ~~~ ~o 1? ~~~~~~~ U ~~~~~ ~,“ 0

1000

~~~~ 4% 

~~~~~~~~ JY ~N~ ~\\~0
0 ~~~~~~~~~~~~~~~~~~ 

~~~~~~ \
‘~
. tv~-~ ~~~\ 

(~, ~~~~~~~~~ ~
04 .’4...N 

$

-4- if ’) )  ‘4 \~
.__ 

~~\ ‘ IT ~~~ T ’ U  I \ t~ % 0 U,

0 I ‘ I I—.

0 ‘ V  U U,
- I . 0~

I -U..— 
\ -

/ ‘‘.4
/ ,

_  
NJ

/ Sn — 8
—I

o /
0 1, I

)  /

0 ~“ ~;~~— — 
~~~~~~~~~oo’

H _R-÷--4 I --
~
-- \_— 

— .. .// /
- / —I.. ~

)
/ /

~ I •_/ ,  
__

‘4 .4
‘411 .4•_ 

~~~~~~~~~~~~~~~ 

I
,

a 

a,~~ I~_,

0 

A

1~~~
_I 

/ 

“4

‘: 

-

~~)‘—~6 I

0) Ii
b 120
:?z~ ____ 

_ _ _ _ _ _ _ _ _ _ _ _

~~
‘4~~ _ _ _

~~~~~

j

~~

i” ~p~~~~-y - • . - - 
-
. 

~
- - ~~ • -• —

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-



1? ‘3

~~~~~~~~~~ ~~c ~ )c~~ \~~~SI ‘ I~rk~2(~ I
~oZ~~~~V2~~ ~~~~~~~ \ \~~~~~

-
~\ ~~~\ ~~ “—~
( i-f’

‘4~~~ \ “4 7 ~~ ft

‘~i. \ ~~~~ \ (~~s/ ~ I ~

~~~~ t~~~~~~\\\J\ \‘t’

0~~ 
I~~~~~~~~~ f .—~L L~~~’ l  I /

- • -  
V I~~~~~~~— I  ~, I

LU

~ T l L~-J ~~~~~~~~~~~~~~~~~~~~~~~~~~~

• ~1~

0
di -“I..-..-

1--S..’ 7-

121

-
-~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
- ~~~~~~7~~~~-: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - - - — — - - --- -. - • - - • —~~~
---•~~~~~~- - • - -

_ _  

I 

- 
-
~~~~~~,1& 

~~~~~~~~~~~~~~~~



r’ ~ 

• 
— ~~i:~~:- ~ ~~~ ~~~ 

~~~~ 

-

<~
;

~
‘
~~

•
•- 

~~~
. 

~ c—I - oo ~D- ~ ! \ — — .- — 
-• ~ - 

-I ~~~~ ~ ~9o!~-~ e*, ~ lv, - r-~ C~4

~ 

, 

~ •—~—~o 
~~~~ ~~~ ~~~~~~ ~o ~ ~~~~~~~~~~~~~ \ I

-4 - —.5 o~ 
~ ~ ~ ~ o4

\ 
•• I1 ‘-. • 

- . - I •
~~t ~~~~ 

0

~~~~~~~~~~~~~~~~ 
~~
o
~~~~

tg
~~ ~~~ ~~~~~~ ~ 

-

~O l  • o~ ~ 
- 

00_ ~~q~~ 
~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~~~~~~~~~~~ 
- 

- 
-

~~~~ 
- I -°

~~~~~~ 

• ~o
I
, ~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~I4~ 

~ 
~;O 4’ 

— 

&~~~fr 
~~~ • z- ~~~~~~~~~ ~~~~~::s0~ • 

c~~ ~ 
O :~~~~~TJ J~~~

O 3~1a;~ g ~~ so
~::~ ~~~~~ ~~~ 

,, 1i ~i ~~~ ~~
r ‘4 T~~~

’ -~o0 
,
~~~~~~ 

o~ 
‘C 

~~

~ 
I 4 ~

. .-
__ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
I 

~~~~~

- 10 4~~ ,~ ~~~~ 
-

. LU
-g~~A ~~

. - .- — I . • — i ,  •• .• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~A - . ~~ i J .~ . . • U• ’. . .j . ”I • al’, - .•. -:~‘/ -4  - -.-:•:-:-:•:-:~:-:-:•

- •~~ - .-.~.-.-:-:•.-:•:-i-:-~ ~~~~~~~ 
• . . ~~~~~~~~ U,

) 4 4. 
,~~~~ \ • .. .

~

~ 
‘R ~~~~

‘ I- ~~ ~~. ~ k_ •t r 
~~

~ ~‘.2!; ‘!‘~~~~~ r.~
I.sIII4

~,~~ ’ LU) ~4.) I• i La-
— — —

~ 
•.1 - 

-
~~~ 4* ~~~~~~ 

50~ ½ .~ .
‘

~~~~

I, - .
~~~~ 1 —I

‘ ~~~~~~~~~~~~~~~~~~ , ~~~~ I~~~~~ )-:-:-:- .-:~:-:•:. :%.:::.:- ~~ 
- .\ 1  -:: :~~:

~~ 

~ ~— — i~ ~• :

~~~~~~~~~~~~~~~~~

- .—.1~
, 

° ~ 
..

.;~• I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~ ~~~ ~~~~~~~~~~~~~

122

— _______________________________-• - - ~~~~~~~~~~~~~~~~~ - ~~~
- :



- -— -- ; ‘~~:~~~~~~~~~~~~ 9~~; 
I

~~~ ~~~~ - ~~~~ 
•

- 
r 

~
1-10 i0~ & ~~ 10 

~o 

~~~~ 
L ~~~~~~~~~~~~ •tt 

~
: , 

~~~

___ \ 
- o ~ ~ 

~‘V~\
• 

I ~ 03 —... 
~ ~~ I ~~ ~ ~~ ~~ ~~~ ~ ‘~~~~ lo ~° Tc;~ ~ ~ ~~~ -

L • ‘ I ~ • ~0 
_ 

~~~~~~~~~~~~~~~~~ 

_ 

~~~~~~~ ~~~~~~~~~~~~~~~~~ ~ 
- .:::.• .  •~~p: ~~~~~ ~~ ~~~~ ~ 

4 ~~~~~~~ 0 ~ 
~~~~~~~~~~~~~~~~~~~~~

~0 
— 

~p~
’ 

~! ~~~~~~ ~~~~ :::: ~~~~ ~

~~~~~~~~~~~ ;~~~~~~~~~~~~ ~~~~~~ 

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ~

~~~~~ 
,I
~ ~• ,~ ;

~~
—i?

~ ~~~ ~ 
~~‘c~- ~~~ cc

S 
___1_

’_•_ 

N.‘ 
- :~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

. : — .~::-

Q~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ t.• • . 

+~~~~~~~~~~I

?o: ~ ~~ ~~~~~~~~~~~ t~~ • •_ .~~~~~~ •I~4 

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ 1
°~~~~~~I • I 

-~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ -I 
4:1 

\i~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ - - ~~~~~ -

~~~~~ 2o~~~ ~J\~~~.dr~~~f ~~~~~~~~~~~~~~~~~~—
~~~ ~ :~ g

I .!~ ~ % -
~
1-

~~~~1 
I~ - 0. ~ ~~~~~~~~~~ 

LU

- I  ~~~~~~~~ ~~~~~~~~~ .• • .• .....• .  ...
•...- .....• • .... - - ...-

.
•... 

~~~~;

~ I 

~ —‘ 1 c’~.b 
r 0.

-~ r-
~ ~~~‘ 

1 02 , i.-,
— 

/ 5* 
1 ~~~

— 
1 

r-~~ I ~~~~‘ -_-
~ I 

-

— — — 
! ‘  

- 
~~~~~ 

~I \ ~
,I4I:. 

~~~~~~~~ -

~
, 

~~~~~~ ___  

~~~~~~~~ 

... ..-. I
=‘

5 
50S.. £ r 4 _

~~~~~~ 

~~ ~~~~~

° 2

0~
o Oj 

~k 
~~~~~ I~

123

___________________

~

- 

4 

-

~~~~~~ 

-



I ,

• 
— ifl —

— 

I 1 I I I I I 

—

U,
- - U)

-J

cc
N.

- -
Lt~c.-J

- 

~1 
~~~~~~~~~~~~~~~~~~

~~~~i e~e~~~ 
~~~~~~-7y-r1~~ 

-

~~~~

i ~~
, ~

-

~~~

-

~~

--
~~~~~~ ~~

- 

~~~~~~~~~ Iz
• 

~~~~~~

:
- ~11

11 1 wnr~~I I I I I I I
• I I I I~~~

124

-- — —  - - • . ,, - - - -•.— - ________— -———-— — - - - _______

- 

~~~~~~~~~~~~~~ ~~t i ~~Z~i 
UI~~~~~~~~~I



I—E

- U, —

I I 1 1 I I I I I

-

- I

- I -.
I ~~~ L)

‘

~~~ 1

I I §

125

~~ - 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

) :- ~~ . 
- - 

• 
-,

~~~~~~~~~~~ 
-



=
2 00 P— U, e.4 —

I I I 1 I I I I I

-

~~~~~~~~~~~~~~~~

- 

~~ ~I ~~Tf lr  r~- 

~I- 11 ~- 

~1 e~~~~r”P t~I~
- 

~A 1 1~ ~ ~~~~~~~~~~

• ~~~~~~~ 
- ,

- 11 - 1~ ~~~~~~ 

•
:~

- 

~1 - I~ ~~ ? _
31 

‘I

I I 1 I

I I I I I

126

— 

:— T-— — — —  

— 

— — .—; 

— — S 
— • 

— —

~~~~~

~~~~~~~~~ 

• - - - - - - - - - - • -



2 00 U, 14 —

I I I I I I I I

7 

- 

-~~~~
- I(

I-
- I -  

“~~
- 

~
I

I - U,
- I ~~- *  

—

~~~~~~~~

I ~~~~~~ c..,

- 

- I
• I 

•
~~~~~~~~~~~~~~

- 

~~~ ;
I w
I -

— \.\ 0.
I ~~~~~ 

,‘ LU

I . 5
’ I—

- A 0.
—

• I \~
‘\

LU p
• —“I
i

- 

1 
-

- -‘

I ~~~~ ‘.00’.

- I ~~~~~~~~~~~~~

U, — U~ Ifl ~~ It) ~~ It)
It) ~~ ~‘) 4’) -~~~ 4’-I — p.4 ,
I I ~ I I I I I I

1 I I I I ’ I I

I I -  § I

125 

-

.:~ 
~~~~~~~~~~~ ~~~~~~~~~~~~~ -~~ --‘ 

- 

~~~~~~~~~~~~ ~~~~~~~~~~~~ 
- - .  - ~~~~~~~~~~~~~~ ~~~~~

-‘-- -

~~~~~ ~~~~~~~ 
-

~~~ 
r~ ~ !~~ --~~~~~~ -



2 00 10 U, 4’) .. 
—

I I I I I I I I
U,
I—
41)
>-

-

cc
- N5

Cl,

=
- 

I~ 
•$

%~~~~~~

_

~~~~~~

- II 0
- I.

’

- I • U)
I -r
I -  _ LU

4. -J
I —- I 

~~~~~ E -
‘—5’ .- ~~I — 0

I - p•_5’ I—.

L)
- I

1 -
-

- \~~ _~~~~~~~ ~~~~ I.-.

I 0..
— “~\ Lii

0

I -

I •\  0.

• 
‘

~~~~
-

~~~~~~~ Lii
0

- t  
•

- I
I 

I.

-

• 
- I ~~~ - cc

0’.

IL

“
- II.- • 

_ 
-
~~~~

• It) U, U, U, U,

U, ~~~~ -
. 

~~ — — II I I I I I I . 1 I

I I I I I I I

H I I I II I
E

127 
-

• 

-

- 

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
• I~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~



-1 5. FLIGHT 4 26 MARCH 1978

5.1 Airc raft Tracks. The flight tracks of the research air-

craft are given below in Table 4. The fli ght covers the area in

Pennsylvania from Scranton to Harrisburg . The terrain varies be-

tween 100 and 300 meters with a few isolated peaks near 480 meters.

TABLE 4. AIRCRAFT TRACKS - 26 MARCH 1978

TIME(Z) ALTITUDE POSITION DISTANCE
LEG START STOP ft (m) BEGIN END nm (ktn)

1606 1623 23,600 (7193) 40°29’N 41°23’N 72 (133 )
76°40’W 75°36’W

2 1631 1658 18,300 (5578) 4l°l6 N 40°17’N 82 (152)
75°45’W 76°58’W

3 1710 1726 9,700 (2957) 40°36’N 41°14’N 58 (107)
76°32’W 75°38’W

4 1734 1807 4,700 (1433) 40°48’N 40°16’N 50 (93)
76°1O’W 76°5PW

5.2 Local Synoptic Sumary. At the surface a low is situated

over east-central Illinois at the beginning of the day . A frontal

occlusion extends from the low into Georgia where it becomes a cold

front trailing into the Gulf of Mexico . The associated warm front,

extending from the apex of the warm air , becomes quasi-stationary

along the South Carol i na coast (Figure 99). As the day progresses,

the low and Its associated frontal system develops a complex

configuration (Figures 100 through 102) with “Skaggerarraking ”

(cyclogenesis at the peak of the wa rm sector of an occluded frontal

system) occurring during this period . The fli ght area i s Inf l uenced

by sou theas terl y flow throughout the day. Skies are overcast in the

- -- - - - - - - - - -- 
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fl i ght area as a result of moist air over running the cold air mass

beh ind the warm front (Figures 103 through 106).

• At 850 mb , the low centered over southern Illinois and

Indiana dominates the enti re eastern section of the United States

(Figure 107). This low extends vertically through 300 mb. Warm

air exists in advance of the low with cold air behind . A broad

area of moist air at 850 mb accompanies the low and covers the fl i ght

area (Figure 108). The flight area remains under the influence of

moist southerly flow wi th an area of 20-25 msec~ winds moving just

to the east of the fl i ght area by the end of the day (Figures 109

an d 110) .

The low at 700 mb moves eastward from sou thern I l l i no i s

and fills slightly. An area of 20 msec~ wi nds passes over the

fl i ght area during the day (Figure 111 and 113). Relatively warm

air lies over the fl i ght area at this level accompanied by a wide

band of moisture (Figures 112 and 114).

At 500 mb southerly flow exists over the fl i ght area as

the low moves slowl y over sou thern In dia na. Wa rm mo i st a i r ahead

of the low covers the flight area during the period of the flight

(Figures 115 through 118). Upward vertical motion exists over the

flight area at 500 mb while the vorticity increases slightly during

the day (Figures 119 and 120).

The 300 mb level shows southwesterly flow over the flight

area throughout the day (Figures 121 and 123). There is a slight

Increase i n tempera ture at th is leve l as the day progresses ( Figures

-• 
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122 and 124).

The local surface pressure chart shows the fl ight area
— under the infl uence of moist easterly flow as the warm front lying

along the Atlanti c coast moves inland toward the fl i ght area (Figures

125 and 126). Rain and frozen precipitation exist over the flight

zone and the surroun di ng area . Sur face tempera tures are at or

slightly above freezing .

The vertical cross-sections (Figures 127 through 130) show

southeasterly flow below 900 mb becoming s-3utherly and then south-

westerly from 850 mb through 300 mb. Temperatures decrease slightly

toward the northeast end of the fl i ght track at all levels. A deep

moist layer exists from the surface to between 7.5 and 7.8 km.

Clouds -are layered throughout the moist zone wi th intermi ttent

solid cumuliform cells. Cloud bases average 160 meters above the

ground at the southwest end of the tracks to 360 meters above the

ground at the northeast end .

The tropopause avera ges 11. 3 km over the fl ight are a

sloping upward slightly toward the northeast. Minimum temperatures

are near -63°C. No significant changes occur at the tropopause

level over the durati on of the fl i ght.
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